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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a voltage switching circuit in which 
reliability is improved by preventing the generation of any excess voltage or 
latch-up in switching voltage an in which the increase of a chip area is 



suppressed. 

SOLUTION: When a control signal CTRL is activated (VDD level), a voltage level 
is converted with a level shifter 2 and a control PMOS transistor 6 is turned off. 
On the other hand, a constant current circuit 7 is turned on, and a current driving 
operation is performed. Therefore, the gate of a PMOS transistor 1 for voltage 
switching is discharged from a VPP level according to the current driving of the 
constant current circuit 7, an finally reaches a VSS (GND) level. That its, the 
PMOS transistor 1 for voltage switching is turned on, and a boosting power 
source VPP is supplied to a common power line as an output voltage VOUT. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st PMOS transistor by which connects with the common power- 
source line by which the pressure-up power source which has a different voltage 
level from supply voltage is supplied to the source, and a drain supplies output 
voltage, and said pressure-up power source or said output voltage is supplied to 
a substrate, The capacitor connected between the gate of said 1st PMOS 
transistor, and said common power-source line, The 2nd PMOS transistor by 
which said pressure-up power source was supplied to the source and a substrate, 
and the drain was connected to the gate of said 1st PMOS transistor, The control 
signal for performing an electrical-potential-difference change is supplied to an 
input terminal, and an output terminal is connected to it at the gate of said 2nd 
PMOS transistor. The 1st level shifter which changes the logic "H" level of said 
control signal into the voltage level of said pressure-up power source from the 
voltage level of said supply voltage, The electrical-potential-difference electronic 
switch characterized by having the current regulator circuit which is controlled by 
the output signal from said 1st level shifter, and discharges the voltage level of 
the gate of said 1st PMOS transistor even on touch-down level. 
[Claim 2] The 1st NMOS transistor by which, as for said current regulator circuit, 
a drain is connected to the gate of said 1st PMOS transistor, and supply voltage 
is impressed to the gate, The 2nd NMOS transistor by which the drain was 
connected to the source of said 1st NMOS transistor, and the gate was 



connected to the output terminal of said 1st level shifter, The electrical-potential- 
difference electronic switch according to claim 1 characterized by having the 3rd 
NMOS transistor by which a drain is connected to the source of said 2nd NMOS 
transistor, the source is connected to touch-down potential, and bias voltage is 
supplied to the gate. 

[Claim 3] Said electrical-potential-difference electronic switch is an electrical- 
potential-difference electronic switch according to claim 1 or 2 characterized by 
having the 2nd level shifter by which the input terminal was connected to the 
input terminal of said 1st level shifter, and the output terminal was connected with 
the 3rd PMOS transistor by which the drain was connected to the drain of said 
1st PMOS transistor, and the source and a substrate were connected to said 
common power-source line at the gate of said 3rd PMOS transistor. 
[Claim 4] The 1st PMOS transistor by which connects with the common power- 
source line by which the pressure-up power source which has a different voltage 
level from supply voltage is supplied to the source, and a drain supplies output 
voltage, and said pressure-up power source or said output voltage is supplied to 
a substrate, The capacitor connected between the gate of said 1st PMOS 
transistor, and said common power-source line, The 2nd PMOS transistor by 
which said pressure-up power source was supplied to the source and a substrate, 
and the drain was connected to the gate of said 1st PMOS transistor, The control 
signal for performing an electrical-potential-difference change is supplied to an 
input terminal, and an output terminal is connected to it at the gate of said 2nd 
PMOS transistor. The 1st level shifter which changes the logic "H" level of said 
control signal into the voltage level of said pressure-up power source from the 
voltage level of said supply voltage, Said control signal, respectively On the other 
hand, two or more logic gates where an input terminal is supplied and two or 
more mode-of-operation signals activated according to each mode of operation 
are supplied to the input terminal of another side, respectively, Two or more 2nd 
shift registers by which each input terminal was connected to each output 
terminal of two or more of said logic gates, It is controlled by the output signal 



from said two or more 2nd level shifters, and has the current regulator circuit 
which discharges the voltage level of the gate of said 1st PMOS transistor even 
on touch-down level. The 1st NMOS transistor by which, as for said current 
regulator circuit, a drain is connected to the gate of said 1st PMOS transistor, 
and supply voltage is impressed to the gate, Two or more 2nd NMOS transistors 
which have device size which common connection of each drain is made at the 
source of said 1st NMOS transistor, and each gate is connected to each output 
terminal of said 2nd level shifter, and is different, respectively, Each drain is 
connected to each source of two or more of said 2nd NMOS transistors. The 
electrical-potential-difference electronic switch characterized by having two or 
more 3rd NMOS transistors which have device size which each source is 
connected to touch-down potential, and bias voltage is supplied to each gate in 
common, and is different, respectively. 

[Claim 5] Said electrical-potential-difference electronic switch is an electrical- 
potential-difference electronic switch according to claim 4 characterized by 
having the 3rd level shifter by which the input terminal was connected to the input 
terminal of said 1st level shifter, and the output terminal was connected with the 
3rd PMOS transistor by which the drain was connected to the drain of said 1st 
PMOS transistor, and the source and a substrate were connected to said 
common power-source line at the gate of said 3rd PMOS transistor. 
[Claim 6] Said electrical-potential-difference electronic switch is an electrical- 
potential-difference electronic switch according to claim 2 characterized by 
having the voltage adjustment circuit which outputs said bias voltage which has a 
different voltage level generated from reference voltage according to two or more 
mode-of-operation signals activated according to each mode of operation. 
[Claim 7] Said electrical-potential-difference electronic switch is an electrical- 
potential-difference electronic switch according to claim 2 which a drain is 
connected to the drain of said 3rd NMOS transistor, and the source is connected 
to touch-down potential, and logic "H" level is supply voltage level, and is 
characterized by having the 4th NMOS transistor to which the control signal 



activated at the time of foreign voltage impression mode is supplied at the gate. 
[Claim 8] The 1st PMOS transistor by which the pressure-up power source which 
has a different voltage level from supply voltage is supplied to the source, The 
1st control signal for performing an electrical-potential-difference change to an 
input terminal is supplied. The 1st level shifter by which it connects with the gate 
of said 1st PMOS transistor, and an output terminal changes the logic "H" level of 
said 1st control signal into the voltage level of said pressure-up power source 
from the voltage level of said supply voltage, The 2nd PMOS transistor by which 
the drain was connected to the drain of said 1st PMOS transistor, and the source 
was connected to the common power-source line which supplies output voltage, 
Said 1st control signal is supplied to an input terminal, and it has the 2nd level 
shifter by which the output terminal was connected to the gate of said 2nd PMOS 
transistor. It is the electrical-potential-difference electronic switch characterized 
by the current drive capacity of said 1st PMOS transistor being smaller than the 
current drive capacity of said 2nd PMOS transistor when making the output 
voltage of said common power-source line change from low-battery level to high- 
voltage level. 

[Claim 9] The 3rd PMOS transistor by which, as for said electrical-potential- 
difference electronic switch, said pressure-up power source is supplied to the 
source, The 2nd control signal for changing current serviceability into an input 
terminal is supplied. The 1st level shifter by which it connects with the gate of 
said 3rd PMOS transistor, and an output terminal changes the logic "H" level of 
said 2nd control signal into the voltage level of said pressure-up power source 
from the voltage level of said supply voltage, The 4th PMOS transistor by which 
the drain was connected to the drain of said 3rd PMOS transistor, and the source 
was connected to said common power-source line, Said 2nd control signal is 
supplied to an input terminal, and it has the 4th level shifter by which the output 
terminal was connected to the gate of said 4th PMOS transistor. The current 
drive capacity of said 3rd and 4th PMOS transistors is an electrical-potential- 
difference electronic switch according to claim 8 characterized by being larger 



than the current drive capacity of said 2nd PMOS transistor. 
[Claim 10] Said 2nd control signal is an electrical-potential-difference electronic 
switch according to claim 9 characterized by activating and making said 3rd and 
4th PMOS transistors into an ON state after the output voltage level of said 
common power-source line changes to the voltage level of said pressure-up 
power source. 

[Claim 11] Two or more PMOS transistors connected to the common power- 
source line by which two or more pressure-up power sources which have a 
voltage level different, respectively from supply voltage are supplied to each 
source, and each drain supplies output voltage, Two or more level shifters by 
which each control signal for performing an electrical-potential-difference change 
was supplied to each input terminal, and each output terminal was connected to 
it at each gate of two or more of said PMOS transistors, Two or more 1st 
electrical-potential-difference generating circuits which generate each of two or 
more of said pressure-up power sources based on two or more mode-of- 
operation signals activated according to each mode of operation, respectively, 
The electrical-potential-difference electronic switch characterized by having the 
2nd electrical-potential-difference generating circuit which generates the 
electrical potential difference supplied to the substrate of two or more of said 
PMOS transistors, and the power-source line of two or more of said level shifters 
based on said two or more mode-of-operation signals. 
[Claim 12] Said 2nd electrical-potential-difference generating circuit is an 
electrical-potential-difference electronic switch according to claim 1 1 
characterized by generating the electrical potential difference of the maximum 
level in each mode of operation. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrical-potential-difference 
electronic switch in the semiconductor device which uses two or more electrical 
potential differences. 
[0002] 

[Description of the Prior Art] As for the nonvolatile memory for which the memory 
cell which has a floating gate is used, the high voltage more than supply voltage 
is needed in the case of the writing to a memory cell, and elimination. It is 
dependent on the device property of the memory cell to be used, and the voltage 
level is of infinite variety. For example, as for the memory cell using a channel 
hot electron (CHE), the forward high voltage (about 10V) is impressed to a gate 
terminal and a drain terminal at the time of writing. Moreover, usually voltage 
levels also differ for every terminal of a memory cell. 

[0003] Therefore, according to a mode of operation (writing in elimination, read- 
out), it is necessary to supply a desired electrical potential difference to a 
memory cell inside the chip of nonvolatile memory. For example, it is necessary 
to impress the electrical potential difference of 6V to the source terminal of a 
memory cell at the time of 1 0V and elimination at the time of writing. That is, two 
or more voltage levels in the interior of a chip are generated, and it is necessary 
to supply one power-source line for the terminals of a memory cell (for example, 



power-source line for memory cell source lines). A circuit required for this 
actuation is an electrical-potential-difference electronic switch. 
[0004] The example of a configuration of the conventional electrical-potential- 
difference electronic switch is shown in drawing 9 and drawing 10 . 
[0005] In drawing 9 , 1 is a PMOS transistor for an electrical-potential-difference 
change, and 2 is a level shifter (LS). VPP1 and VPP2 are the 1st high voltage 
and the 2nd high voltage which have a voltage level higher than supply voltage 
VDD, respectively, and VOUT is the output voltage of a common power-source 
line. The control signals C1 and C2 for making the input terminal of a level shifter 
2 turn on / turn off the PMOS transistor transistor 1 for an electrical-potential- 
difference change are supplied, and the gate of the PMOS transistor 1 for an 
electrical-potential-difference change is connected to the output terminal. VOUT 
is impressed to the substrate of the PMOS transistor 1 for a change. 
[0006] As shown in drawing 9 , output voltage VOUT is always higher than the 
1st high voltage VPP1 and the 2nd high voltage VPP2, or since it has the equal 
voltage level, it is prevented that forward bias is impressed between a substrate, 
the source, and a drain. However, for example, if the 2nd high voltage VPP2 is 
the greatest voltage level, the substrate of the PMOS transistor 1 for an 
electrical-potential-difference change by the side of VPP2 may be connected to 
VPP2 side. According to the condition of control signals C1 and C2, the 1st high 
voltage VPP1 or 2nd high voltage VPP2 is outputted as output voltage VOUT. 
[0007] The electrical-potential-difference electronic switch shown in drawing 10 is 
the same as that of drawing 9 functionally. In drawing 10 , although the PMOS 
transistors 1 and 1a for an electrical-potential-difference change have serial 
composition, since the case where forward bias is impressed between the 
substrate of the PMOS transistor 1 for an electrical-potential-difference change, 
the source, and a drain arises with the configuration of drawing 9 when the 
relation (quantity/low) of the voltage level of an input side and an output side 
changes by the mode of operation, this is for preventing this. Therefore, it has 
prevented that forward bias is impressed by impressing VPP1 or VPP2 to the 



substrate of the PMOS transistor 1 for an electrical-potential-difference change of 
an input side, and impressing VOUT to the substrate of PMOS transistor 1a for 
an electrical-potential-difference change of an output side. 
[0008] Here, the internal-circuitry configuration of the level shifter 2 of drawing 9 
and drawing 10 is shown in drawing 1 1 . In addition, level-shifter 2a of drawing 
10 also takes the same circuitry as a level shifter 2. As for the PMOS transistor 
for level shifts, and 4, in drawing 11 , 3 is [ the NMOS transistor for level shifts 
and 5 ] inverters. A level shifter 2 is a circuit which it consists of two PMOS 
transistors 3, two NMOS transistors 4, and one inverter 5, and the high voltage is 
supplied to the power-source line 21, and transforms the "logic H" side voltage 
level VDD into the "logic H" side voltage level VPP. [ of an input line 22 ] [ of an 
output line 23 ] Both the voltage levels by the side of logic "L" are VSS(s) (GND). 
[0009] 

[Problem(s) to be Solved by the Invention] About the trouble of the above- 
mentioned conventional electrical-potential-difference electronic switch, it lists 
below. 

[0010] (1) In the electrical-potential-difference electronic switch of drawing 9 , the 
timing which performs an electrical-potential-difference change is decided with 
control signals C1 and C2, and since the transition time is the usual logical circuit, 
it is several nanoseconds. Namely, the change of high voltages VPP1 and VPP2 
is performed in several nanoseconds. For this reason, if an electrical-potential- 
difference change is performed steeply, overshoot by parasitic capacitance 
coupling between each terminal of the PMOS transistor 1 for an electrical- 
potential-difference change etc. will occur, and the electrical potential difference 
more than the pressure-up level VPP will be impressed to a device. In repeating 
rewriting actuation many times, the voltage level more than VPP will be 
repeatedly impressed to a device at a long period of time, and poses a device 
proof-pressure up problem. Moreover, the pulse of steep forward bias may be 
impressed by steep electrical-potential-difference change between a substrate, 
the source, and a drain, and a latch rise may arise according to this substrate 



current. That is, starting of the steep electrical potential difference of nanosecond 
order is a big problem on the dependability of a device. 

[0011] (2) Next, in the electrical-potential-difference electronic switch of drawing 
10 , as shown in the electrical-potential-difference wave form chart of drawing 12 , 
consider the case where change a control signal C2 from logic "H" level to logic 
"L" level, change a control signal C1 from logic "L" level to logic "H" level, and 
output voltage VOUT is changed from the 1st high voltage VPP1 to the 2nd high 
voltage VPP2 (here, referred to as VPP2>VPP1). In the intermediate node NM of 
drawing 10 , since load-carrying capacity is small as compared with the output 
node NO, the electrical potential difference VM of an intermediate node NM rises 
from VPP1 to VPP2 ahead of VOUT. That is, in PMOS transistor 1a for an 
electrical-potential-difference change of an output side, forward bias will be 
impressed between a substrate and the source and a substrate current will flow. 
If the device size of PMOS transistor 1a for an electrical-potential-difference 
change is large, a substrate current may become large and a latch rise may be 
made to attract. That is, in the electrical-potential-difference electronic switch 
which made the serial the PMOS transistors 1 and 1a for an electrical-potential- 
difference change as shown in drawing 10 , when making output voltage change 
from a low to a high level, there is a problem that a latch rise may arise. 
[0012] (3 More nearly further than one step of case, since the PMOS transistors 
1 and 1a for an electrical-potential-difference change have serial composition, it 
is necessary to double device size with the configuration of drawing 10 .) For 
example, when changing two voltage levels, in an one-step configuration, two 
PMOS transistors 1 for an electrical-potential-difference change of channel width 
Wp should just be used (total channel width is 2Wp(s)). However, in a 2 steps of 
serial configuration, it is necessary to use four PMOS transistors for an electrical- 
potential-difference change of channel width 2Wp (total channel width is 8Wp(s)). 
That is, in a 2 steps of serial configuration, the PMOS transistor for an electrical- 
potential-difference change of a 4 times as many scale as this is needed, and it 
accompanies, and since a level shifter is [ 2 double ] also necessary, there is 



also a problem that area becomes still larger. 

[0013] It is in offering the electrical-potential-difference electronic switch which 
this invention was made in view of the above-mentioned trouble, the purpose 
prevented the overvoltage at the time of an electrical-potential-difference change, 
and generating of a latch rise, and dependability was raised, and suppressed 
increase of a chip area. 
[0014] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, 
the 1st electrical-potential-difference electronic switch concerning this invention 
The pressure-up power source (VPP) which has a different voltage level from 
supply voltage is supplied to the source. The 1st PMOS transistor by which 
connects with the common power-source line by which a drain supplies output 
voltage (VOUT), and a pressure-up power source or output voltage is supplied to 
a substrate (transistor for an electrical-potential-difference change), The 
capacitor connected between the gate of the 1st PMOS transistor, and a 
common power-source line, The 2nd PMOS transistor by which the pressure-up 
power source was supplied to the source and a substrate, and the drain was 
connected to the gate of the 1st PMOS transistor (transistor for control), The 
control signal (CTRL) for performing an electrical-potential-difference change to 
an input terminal is supplied. The 1st level shifter by which it connects with the 
gate of the 2nd PMOS transistor, and an output terminal changes the logic "H" 
level of a control signal into the voltage level of a pressure-up power source from 
the voltage level of supply voltage (LS), It is controlled by the output signal from 
the 1st level shifter, and is characterized by having the current regulator circuit 
which discharges the voltage level of the gate of the 1st PMOS transistor even 
on touch-down level. 

[0015] In this 1st electrical-potential-difference electronic switch a current 
regulator circuit The 1st NMOS transistor by which a drain is connected to the 
gate of the 1st PMOS transistor, and supply voltage is impressed to the gate, 
The 2nd NMOS transistor by which the drain was connected to the source of the 



1st NMOS transistor, and the gate was connected to the output terminal of the 
1st level shifter, It is desirable to have the 3rd NMOS transistor by which a drain 
is connected to the source of the 2nd NMOS transistor, the source is connected 
to touch-down potential, and bias voltage (VBIAS) is supplied to the gate. 
[0016] Moreover, the 1st electrical-potential-difference electronic switch is 
characterized by having the 3rd PMOS transistor by which the drain was 
connected to the drain of the 1st PMOS transistor, and the source and a 
substrate were connected to the common power-source line, and the 2nd level 
shifter by which the input terminal was connected to the input terminal of the 1st 
level shifter, and the output terminal was connected to the gate of the 3rd PMOS 
transistor. 

[0017] If the discharge current of a current regulator circuit is set as a desired 
current value in order according to the 1st electrical-potential-difference 
electronic switch of the above-mentioned configuration to perform drawing 
actuation of the gate voltage level of the PMOS transistor for an electrical- 
potential-difference change through a current regulator circuit and to make the 
PMOS transistor for an electrical-potential-difference change into an ON state, an 
electrical-potential-difference change rate can be set up freely. Therefore, it 
becomes possible to prevent the steep electrical-potential-difference change of 
nanosecond order, and the dependability of a device can be secured. 
[0018] In order to attain the aforementioned purpose, the 2nd electrical-potential- 
difference electronic switch concerning this invention The pressure-up power 
source (VPP) which has a different voltage level from supply voltage is supplied 
to the source. The 1st PMOS transistor by which connects with the common 
power-source line by which a drain supplies output voltage (VOUT), and a 
pressure-up power source or output voltage is supplied to a substrate (transistor 
for an electrical-potential-difference change), The capacitor connected between 
the gate of the 1st PMOS transistor, and a common power-source line, The 2nd 
PMOS transistor by which the pressure-up power source was supplied to the 
source and a substrate, and the drain was connected to the gate of the 1st 



PMOS transistor (transistor for control), The control signal for performing an 
electrical-potential-difference change is supplied to an input terminal, and an 
output terminal is connected to it at the gate of said 2nd PMOS transistor. The 
1st level shifter which changes the logic "H" level of said control signal into the 
voltage level of said pressure-up power source from the voltage level of said 
supply voltage (LS), A control signal, respectively On the other hand, two or more 
logic gates where an input terminal is supplied and two or more mode-of- 
operation signals (MODE1, MODE2, MODE3) activated according to each mode 
of operation are supplied to the input terminal of another side, respectively (For 
example, 2 input AND circuit) and two or more 2nd shift registers by which each 
input terminal was connected to each output terminal of two or more logic gates, 
It is controlled by the output signal from two or more 2nd level shifters, and has 
the current regulator circuit which discharges the voltage level of the gate of the 
1st PMOS transistor even on touch-down level. A current regulator circuit The 1st 
NMOS transistor by which a drain is connected to the gate of the 1st PMOS 
transistor, and supply voltage is impressed to the gate, Common connection of 
each drain is made at the source of the 1st NMOS transistor. Two or more 2nd 
NMOS transistors which have the device size (for example, gate width) from 
which it connects with each output terminal of the 2nd level shifter, and each gate 
differs, respectively, Each drain is connected to each source of two or more 2nd 
NMOS transistors. Each source is connected to touch-down potential, bias 
voltage (VBIAS) is supplied to each gate in common, and it is characterized by 
having two or more 3rd NMOS transistors which have device size (for example, 
gate width) different, respectively. 

[0019] This 2nd electrical-potential-difference electronic switch is characterized 
by having the 3rd PMOS transistor by which the drain was connected to the drain 
of the 1st PMOS transistor, and the source and a substrate were connected to 
the common power-source line, and the 3rd level shifter to which the input 
terminal was connected to the input terminal of the 1st level shifter, and the 
output terminal was connected at the gate of the 3rd PMOS transistor. 



[0020] According to the 2nd electrical-potential-difference electronic switch of the 
above-mentioned configuration, for every mode of operation, the size of two or 
more 2nd [ the ] and the 3rd NMOS transistor can be changed, respectively, and 
the strength of discharge current of a current regulator circuit can be adjusted, 
namely, the rate of the electrical-potential-difference change with the PMOS 
transistor for an electrical-potential-difference change can be adjusted in order to 
correspond to the load of a common power-source line which changes according 
to a mode of operation. Therefore, it is not based on a mode of operation, but 
conversely possible [ making an electrical-potential-difference change rate 
regularity ], an electrical-potential-difference change rate can be adjusted for 
every mode of operation, and the design of an electrical-potential-difference 
change sequence becomes simple. 

[0021] As for the 1st electrical-potential-difference electronic switch, it is 
desirable to have the voltage adjustment circuit which outputs the bias voltage 
which has a different voltage level generated from reference voltage (VREF) 
according to two or more mode-of-operation signals (MODE1, MODE2, MODE3) 
activated according to each mode of operation. 

[0022] Since according to this configuration bias voltage VBIAS is changed 
according to a mode of operation and the strength of discharge current of the 
gate of the PMOS transistor for an electrical-potential-difference change is 
adjusted, two or more level shifter and two or more NMOS transistors like the 
2nd electrical-potential-difference electronic switch become unnecessary, and 
can reduce a circuit scale. That is, on a scale of a smaller circuit, an electrical- 
potential-difference change rate can be adjusted for every mode of operation, 
and the design of an electrical-potential-difference change sequence becomes 
simple. 

[0023] Moreover, a drain is connected to the drain of the 3rd NMOS transistor, 
the source is connected to touch-down potential, to the gate, logic "H" level is 
supply voltage level, and, as for the 1st electrical-potential-difference electronic 
switch, it is desirable to have the 4th NMOS transistor (transistor for current 



drawing) to which the control signal (VEM) activated at the time of foreign voltage 
impression mode is supplied. 

[0024] Since the NMOS transistor for current drawing drives with the control 
signal of supply voltage VDD level when it has the analysis mode of operation 
which impresses from the outside the full voltage used inside a chip according to 
this configuration, an electrical-potential-difference change can be performed at 
the same rate as the time of normal operation at the time of the analysis 
actuation which makes full voltage external impression, the steep electrical- 
potential-difference change of nanosecond order can be prevented, and the 
dependability of a device can be secured. 

[0025] In order to attain the aforementioned purpose, the 3rd electrical-potential- 
difference electronic switch concerning this invention The 1st PMOS transistor by 
which the pressure-up power source (VPP) which has a different voltage level 
from supply voltage is supplied to the source (the transistor for an electrical- 
potential-difference change of an input side: gate width W21), The 1st control 
signal (C2) for performing an electrical-potential-difference change to an input 
terminal is supplied. The 1st level shifter by which it connects with the gate of the 
1st PMOS transistor, and an output terminal changes the logic "H" level of the 1st 
control signal into the voltage level of a pressure-up power source from the 
voltage level of supply voltage (LS), The 2nd PMOS transistor by which the drain 
was connected to the drain of the 1st PMOS transistor, and the source was 
connected to the common power-source line which supplies output voltage 
(VOUT) (the transistor for an electrical-potential-difference change of an output 
side: gate width W22), The 1st control signal is supplied to an input terminal, and 
it has the 2nd level shifter (LS) by which the output terminal was connected to the 
gate of the 2nd PMOS transistor. When making the output voltage of a common 
power-source line change from low-battery level to high-voltage level, current 
drive capacity of the 1st PMOS transistor is characterized by the thing smaller 
(W21<W22) than the current drive capacity of the 2nd PMOS transistor. 
[0026] According to this 3rd electrical-potential-difference electronic switch, the 



transition rate of the electrical potential difference in the intermediate node 
between the PMOS transistors for an electrical-potential-difference change of an 
input side and the PMOS transistors for an electrical-potential-difference change 
of an output side which were constituted by the serial on the occasion of an 
electrical-potential-difference change can be controlled. By this, it can prevent 
that forward bias is impressed between the substrate in the PMOS transistor for 
an electrical-potential-difference change of an output side, and a drain, a latch 
rise can be prevented, and the dependability of a device can be secured. 
[0027] The 3rd PMOS transistor by which, as for the 3rd electrical-potential- 
difference electronic switch, a pressure-up power source is supplied to the 
source (gate width W3), The 2nd control signal (C3) for changing current 
serviceability into an input terminal is supplied. The 1st level shifter by which it 
connects with the gate of the 3rd PMOS transistor, and an output terminal 
changes the logic "H" level of the 2nd control signal into the voltage level of a 
pressure-up power source from the voltage level of supply voltage, The 4th 
PMOS transistor by which the drain was connected to the drain of the 3rd PMOS 
transistor, and the source was connected to the common power-source line (gate 
width W3), The last 2nd control signal (C3) is supplied to an input terminal, and it 
has the 4th level shifter by which the output terminal was connected to the gate 
of the 4th PMOS transistor. The larger (W3> W22) thing of the current drive 
capacity of the 3rd and 4th PMOS transistors than the current drive capacity of 
the 2nd PMOS transistor is desirable. In this case, it activates and the 2nd 
control signal (C3) makes an ON state the 3rd and 4th PMOS transistors, after 
the output voltage level of a common power-source line changes to the voltage 
level of a pressure-up power source. 

[0028] While according to this configuration being able to prevent a latch rise in 
the case of an electrical-potential-difference change and being able to secure the 
dependability of a device, it can follow in footsteps of the load effect after 
electrical-potential-difference transition. 

[0029] In order to attain the aforementioned purpose, the 4th electrical-potential- 



difference electronic switch concerning this invention Two or more pressure-up 
power sources (VPP1 - VPPn) which have a voltage level different, respectively 
from supply voltage are supplied to each source. Two or more PMOS transistors 
connected to the common power-source line by which each drain supplies output 
voltage (VOUT), Two or more level shifters by which each control signal (C1-Cn) 
for performing an electrical-potential-difference change was supplied to each 
input terminal, and each output terminal was connected to it at each gate of two 
or more PMOS transistors, Two or more 1st electrical-potential-difference 
generating circuits which generate two or more pressure-up power sources 
based on two or more mode-of-operation signals activated according to each 
mode of operation, respectively (VPPGEN1 - VPPGENn), It is characterized by 
having the 2nd electrical-potential-difference generating circuit (VSWGEN) which 
generates the electrical potential difference supplied to the substrate of two or 
more PMOS transistors, and the power-source line of two or more level shifters 
based on two or more mode-of-operation signals. In this case, the 2nd electrical- 
potential-difference generating circuit generates the electrical potential difference 
of the maximum level in each mode of operation. 

[0030] Since according to this 4th electrical-potential-difference electronic switch 
the device used for electrical-potential-difference change actuation can be 
constituted from one step of PMOS transistor and the level shifter which 
accompanies coincidence can also be constituted from one step, the circuit scale 
of an electrical-potential-difference electronic switch can be reduced, and layout 
area can be made small. 
[0031] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained with reference to a drawing. 

[0032] (1st operation gestalt) Drawing 1 (a) is the circuit block diagram showing 
the configuration of the electrical-potential-difference electronic switch 
concerning the 1st operation gestalt of this invention. As for the PMOS transistor 
for control for the PMOS transistor for an electrical-potential-difference change 



and 2 to control a level shifter (LS), and for 1 control the gate of the PMOS 
transistor 1 for an electrical-potential-difference change, as for 6, and 7, in 
drawing 1 (a), a current regulator circuit and 8 are capacitors. Here, a level shifter 
2 consists of circuits as shown in drawing 1 1 . The pressure-up power source 
VPP is supplied to the source of the PMOS transistor 1 for an electrical-potential- 
difference change, and output voltage VOUT is supplied to a common power- 
source line from the drain. 

[0033] In drawing 1 (a), although the substrate of the PMOS transistor 1 for an 
electrical-potential-difference change is connected to the pressure-up power 
source VPP, this is the case where VPP is the greatest voltage level among 
various pressure-up power sources. Moreover, even if it supplies the output 
voltage VOUT of a common power-source line to the substrate of the PMOS 
transistor 1 for an electrical-potential-difference change, the effectiveness of this 
invention is the same. Other electrical-potential-difference electronic switches 
(un-illustrating) which output the electrical potential difference of level which is 
different in VPP are connected to this common power-source line, the electrical 
potential difference of various level is supplied to a common power-source line, 
and these electrical potential differences are transmitted to terminals, such as the 
source of nonvolatile memory, and a drain. 

[0034] The drain of the PMOS transistor 6 for control, one electrode of a 
capacitor 8, and the current regulator circuit 7 are connected to the gate of the 
PMOS transistor 1 for an electrical-potential-difference change. The source of the 
PMOS transistor 6 for control is connected to the pressure-up power source VPP, 
and the gate is connected to the output terminal of a level shifter 2. The electrode 
of another side of a capacitor 8 is connected to a common power-source line. A 
current regulator circuit 7 is constituted between the gate of the PMOS transistor 
1 for an electrical-potential-difference change, and VSS (GND). 
[0035] Next, actuation of the electrical-potential-difference electronic switch 
constituted as mentioned above is explained. 

[0036] First, an electrical-potential-difference change is performed by the control 



signal CTRL. In the electrical-potential-difference electronic switch of drawing 1 
(a), when a control signal CTRL is set to logic "L" level (VSS), logic "L" level 
(VSS) is transmitted to the gate of the PMOS transistor 6 for control, and the 
PMOS transistor 6 for control is turned on. On the other hand, a current regulator 
circuit 7 is turned off and does not perform a current drive. Therefore, VPP level 
is transmitted to the gate of the PMOS transistor 1 for an electrical-potential- 
difference change, and the PMOS transistor 1 for an electrical-potential- 
difference change is turned off. 

[0037] Next, when a control signal CTRL is set to logic "H" level (VDD), a voltage 
level is changed by the level shifter 2 and VPP level is transmitted to the gate of 
the PMOS transistor 6 for control. On the other hand, a current regulator circuit 7 
is turned on and performs current drive actuation. Therefore, the gate of the 
PMOS transistor 1 for an electrical-potential-difference change discharges by the 
current drive of a current regulator circuit 7, and, finally is set to VSS level from 
VPP level. That is, the PMOS transistor 1 for an electrical-potential-difference 
change is turned on, and the pressure-up power source VPP is transmitted to a 
common power-source line as output voltage VOUT. 
[0038] In the conventional example, since it responded to ON / off rate of the 
output voltage of a level shifter 2 and the PMOS transistor 1 for an electrical- 
potential-difference change was made to turn on / turn off, the electrical-potential- 
difference change was performed in several nanoseconds. On the other hand, 
with this operation gestalt, since the gate potential of the PMOS transistor 1 for 
an electrical-potential-difference change discharges with a fixed current by the 
current regulator circuit 7, the amount of currents of a current regulator circuit 7 
can determine a discharge rate. Therefore, the transition rate to the ON state of 
the PMOS transistor 1 for an electrical-potential-difference change can be 
enlarged by setting up appropriately the amount of currents of a current regulator 
circuit 7. 

[0039] Drawing 1 (b) is the circuit diagram of the electrical-potential-difference 
electronic switch by this operation gestalt having shown concretely the internal 



configuration of the current regulator circuit 7 of drawing 1 (a). In drawing 1 (b), 9, 
10, and 1 1 are NMOS transistors. Like illustration, series connection of the three 
NMOS transistors 9, 10, and 1 1 is carried out. The drain is connected to VDD 
and the gate of the PMOS transistor 1 for an electrical-potential-difference 
change and the source are connected to the drain of the NMOS transistor 10 for 
the gate of the NMOS transistor 9. The NMOS transistor 9 is what was prepared 
in order to ease the source / electrical potential difference between drains of the 
NMOS transistors 10 and 11, and when pressure-up level is small, it may be 
omitted. The source of the NMOS transistor 10 is connected to the drain of the 
NMOS transistor 1 1 , and the gate is connected to the output terminal of a level 
shifter 2. ON / off control of a current regulator circuit 7 are performed by the 
NMOS transistor 10. Bias voltage VBIAS is supplied to the gate of the NMOS 
transistor 11, and the source is connected to VSS (GND). 
[0040] Like nonvolatile memory, when an electrical-potential-difference 
conversion circuit is prepared in the interior of a chip, it is usually designed so 
that reference voltage VREF may be generated inside a chip and supply voltage, 
temperature, and the electrical-potential-difference level variation by process 
fluctuation may be controlled as much as possible. What is necessary is just to 
use another reference voltage VREF as bias voltage VBIAS. The strength of 
discharge current of a current regulator circuit 7 is determined by the device size 
of the NMOS transistor 1 1 , and the level of bias voltage VBIAS. 
[0041] Although the output voltage VOUT to a common power-source line is 
always higher than the pressure-up power source VPP of an input side or the 
above explains the configuration of the electrical-potential-difference electronic 
switch in the case of being equal, the output voltage VOUT to a common power- 
source line may become lower than other pressure-up power sources VPPn. The 
configuration of the electrical-potential-difference electronic switch in this case is 
shown in drawing 2 (a). 

[0042] In addition to the configuration of drawing 1 (a), the configuration of 
drawing 2 (a) prepares PMOS transistor 1a for an electrical-potential-difference 



change, and level-shifter 2a connected to the gate of PMOS transistor 1a for an 
electrical-potential-difference change. Other components are the same as 
drawing 1 (a). In drawing 2 (a), the pressure-up power source VPP is supplied to 
the substrate of the PMOS transistor 1 for an electrical-potential-difference 
change of an input side, and the output voltage VOUT of a common power- 
source line is supplied to the substrate of PMOS transistor 1a for an electrical- 
potential-difference change of an output side. If it does in this way, even if which 
of the electrical potential difference of an input side and an output side becomes 
high, it can prevent that forward bias is impressed between the substrate of the 
PMOS transistors 1 and 1a for an electrical-potential-difference change, and a 
drain. 

[0043] Drawing 2 (b) is the circuit diagram showing the internal configuration of 
the current regulator circuit 7 of drawing 2 (a) concretely showing other examples 
of a configuration of the electrical-potential-difference electronic switch by this 
operation gestalt. The internal configuration of the current regulator circuit 7 of 
drawing 2 (b) is the same as that of drawing 1 (b). By the circuitry of drawing 2 
(a) and drawing 2 (b), effectiveness equivalent to the effectiveness explained by 
drawing 1 (a) and 1 (b) is acquired. 

[0044] As mentioned above, if the discharge current of a current regulator circuit 
7 is set as a desired current value in order to perform discharge actuation of the 
gate potential of a making [ change to an ON state ]-PMOS transistor 1 for 
electrical-potential-difference change sake through a current regulator circuit 7 
according to this operation gestalt, the rate which makes the PMOS transistor 1 
for an electrical-potential-difference change turn on can be set up freely. 
Therefore, the steep electrical-potential-difference change of nanosecond order 
like before can be prevented, and the dependability of a device can be raised. 
[0045] (2nd operation gestalt) Drawing 3 is the circuit diagram showing the 
configuration of the electrical-potential-difference electronic switch concerning 
the 2nd operation gestalt of this invention. In addition, in drawing 3 , the same 
sign is given to the same component as drawing 1 and drawing 2 which illustrate 



the 1st operation gestalt, and explanation is omitted. 

[0046] In drawing 3 , 2b and 2c and 2d of a level shifter (LS) and 10b, 10c, 10d, 
11b, 11c, and 1 1 d are [ an NMOS transistor and 12 ] logic gates (the example of 
drawing 3 2 input AND circuit). The output terminal of a logic gate 12 is 
connected to level-shifter 2b and an input terminal (2c and 2d), the control signal 
CTRL for turning on/off controlling the PMOS transistor 1 for an electrical- 
potential-difference change is supplied to one input terminal of a logic gate 12, 
and the signals MODE1, MODE2, and MODE3 corresponding to each mode of 
operation are supplied to the input terminal of the another side, respectively. 
[0047] Level-shifter 2b and an output terminal (2c and 2d) are connected to the 
NMOS transistors [ 10b, 10c, and 10d (2nd NMOS transistor) ] gate, common 
connection of the NMOS transistors [ 10b, 10c, and 10d ] drain is made, and it is 
connected to the source of the NMOS transistor 9. The NMOS transistors [ 10b, 
1 0c, and 1 0d ] source is connected to an NMOS transistors [ 1 1 b, 1 1 c, and 1 1 d 
(3rd NMOS transistor) ] drain, respectively, and bias voltage VBIAS is supplied to 
the gate common [ the NMOS transistors /11b, 11c, and 1 1 d / source ] to VSS 
(GND). Here, the NMOS transistors 10b, 10c, and 10d have device size different, 
respectively. Similarly, it has the device size from which the NMOS transistors 
11b, 11c, and 1 1 d also differ, respectively. 

[0048] In addition, in drawing 3 , although the substrate of the PMOS transistor 1 
for an electrical-potential-difference change is connected to the pressure-up 
power source VPP, this is the case where VPP is the greatest voltage level 
among various pressure-up power sources. Moreover, even if it connects the 
substrate of the PMOS transistor 1 for an electrical-potential-difference change to 
a common power-source line, the effectiveness of this invention is the same. 
[0049] As explained previously, in the case of nonvolatile memory, the common 
power-source line by which output voltage VOUT is supplied is a power-source 
line for supplying an electrical potential difference to the source terminal and 
drain terminal of a memory cell, and loaded condition changes with modes of 
operation (writing in elimination, read-out) of nonvolatile memory. For example, 



when it is 5mA at the time of writing and the load current is 10mA at the time of 
elimination, the load-carrying capacity which should charge may be 600pF at the 
time of 300pF and elimination at the time of writing. 

[0050] In this case, like the 1st operation gestalt, when the PMOS transistor 1 for 
an electrical-potential-difference change is driven with fixed strength of discharge 
current by the current regulator circuit 7, the change rate of an electrical potential 
difference changes with modes of operation. This is for not deciding a change 
rate only by the charging time value of the gate of the PMOS transistor 1 for an 
electrical-potential-difference change, but changing also with the magnitude of 
the load of a common power-source line. That is, according to a mode of 
operation, it is necessary to perform separately the timing design of an electrical- 
potential-difference change sequence. 

[0051] So, with this operation gestalt, with the signals MODE1, MODE2, and 
MODE3 corresponding to each mode of operation, level-shifter 2b and any 1 of 
2c and 2d are activated, and the NMOS transistors 10b, 10c, and 10d for current 
drawing also activate any one similarly. Like point **, since NMOS transistors 
[ for current drawing / 10b, 10c, and 10d ] device sizes differ, respectively, they 
can change the strength of discharge current of a current regulator circuit 
according to a mode of operation. That is, corresponding to the load which 
changes according to a mode of operation, it becomes possible to change 
strength of discharge current. That is, strength of discharge current is changed 
according to a load, and it becomes possible to maintain the electrical-potential- 
difference change rate same final always. 

[0052] In addition, in this operation gestalt, even if it adds PMOS transistor 1a by 
which the series connection was carried out to the PMOS transistor 1 for an 
electrical-potential-difference change, and level-shifter 2a like drawing 2 (a) and 
drawing 2 (b), the effectiveness of this invention is the same. 
[0053] As mentioned above, according to this operation gestalt, for every mode 
of operation, the NMOS transistors 10b, 10c, and 10d and NMOS transistors 
[ 1 1b 1 1c, and 10d ] size can be changed, respectively, and the strength of 



discharge current of a current regulator circuit can be adjusted, namely, the rate 
of the electrical-potential-difference change with the PMOS transistor 1 for an 
electrical-potential-difference change can be adjusted in order to correspond to 
the load of a common power-source line which changes according to a mode of 
operation. Therefore, it is not based on a mode of operation, but conversely 
possible [ making an electrical-potential-difference change rate regularity ], an 
electrical-potential-difference change rate can be adjusted for every mode of 
operation, and the design of an electrical-potential-difference change sequence 
becomes simple. 

[0054] (3rd operation gestalt) Drawing 4 (a) is the circuit block diagram showing 
the electrical-potential-difference electronic switch configuration concerning the 
3rd operation gestalt of this invention. In addition, in drawing 4 (a), the same sign 
is given to the same component as drawing 1 (b) which illustrates the 1st 
operation gestalt, and explanation is omitted. In addition to the configuration of 
the 1st operation gestalt, this operation gestalt has the description in the point of 
having formed the voltage adjustment circuit 13. 

[0055] In drawing 4 (a), reference voltage VREF (the 2nd reference voltage) and 
the signals MODE1, MODE2, and MODE3 corresponding to each mode of 
operation are inputted into the voltage adjustment circuit 13. The output voltage 
VBIAS of the voltage adjustment circuit 13 is supplied to the gate of the NMOS 
transistor 1 1 for current drawing. 

[0056] In addition, in drawing 4 (a), although the pressure-up electrical potential 
difference VPP is supplied to the substrate of the PMOS transistor 1 for an 
electrical-potential-difference change, this is the case where the pressure-up 
power source VPP has the greatest voltage level among various pressure-up 
power sources. Moreover, even if it supplies the output voltage VOUT of a 
common power-source line to the substrate of the PMOS transistor 1 for an 
electrical-potential-difference change, the effectiveness of this invention is the 
same. 

[0057] This operation gestalt takes the configuration which adjusts the voltage 



level of bias voltage VBIAS impressed to the gate of the NMOS transistor 1 1 for 
drawing by the voltage adjustment circuit 13 according to a mode of operation. 
That is, corresponding to the load which changes according to a mode of 
operation, the voltage adjustment circuit 13 changes the voltage level of bias 
voltage VBIAS, and changes the strength of discharge current of a current 
regulator circuit. That is, strength of discharge current is changed according to a 
load, and it becomes possible to maintain the electrical-potential-difference 
change rate same final always. 

[0058] Drawing 4 (b) is the circuit diagram showing the example of an internal 
configuration of the voltage adjustment circuit 13. Setting to drawing 4 (b), 
resistance of the plurality [ 14 ] for an electrical-potential-difference setup and 15 
are the NMOS transistors for voltage selections. The signals MODE1, MODE2, 
and MODE3 corresponding to each mode of operation are supplied to the gate of 
the NMOS transistor 15 for voltage selections. Two or more resistance 14 
generates the partial pressure electrical potential difference which has three level 
among reference voltages VREF (the 2nd reference voltage) and VSS (GND). 
According to a mode of operation, any one of the NMOS transistors 15 for 
voltage selections is turned on, and the partial pressure level of reference voltage 
VREF is outputted as bias voltage VBIAS. Therefore, bias voltage VBIAS of 
different level according to a mode of operation is outputted from the voltage 
adjustment circuit 13. 

[0059] In addition, in this operation gestalt, even if it adds PMOS transistor 1a by 
which the series connection was carried out to the PMOS transistor 1 for an 
electrical-potential-difference change, and level-shifter 2a like drawing 2 (a) and 
drawing 2 (b), the effectiveness of this invention is the same. 
[0060] As mentioned above, since according to this operation gestalt bias voltage 
VBIAS is changed according to a mode of operation and the strength of 
discharge current of the gate of the PMOS transistor 1 for an electrical-potential- 
difference change is adjusted, two or more level-shifter 2bs like the 2nd operation 
gestalt, 2c, 2d, and two or more NMOS transistors 10b, 10c, 10d, 11b, 11c, and 



1 1 d for drawing become unnecessary, and can reduce a circuit scale. That is, on 
a scale of a smaller circuit, an electrical-potential-difference change rate can be 
adjusted for every mode of operation, and the design of an electrical-potential- 
difference change sequence becomes simple. 

[0061] (4th operation gestalt) Drawing 5 is the circuit diagram showing the 
configuration of the electrical-potential-difference electronic switch concerning 
the 4th operation gestalt of this invention. In addition, in drawing 5 , the same 
sign is given to the same component as drawing 1 (b), and explanation is omitted. 
In addition to the configuration of the 1st operation gestalt, this operation gestalt 
has the description in the point of having formed the NMOS transistor 16 for 
current drawing. 

[0062] In drawing 5 , the drain of the NMOS transistor 16 for current drawing is 
connected to the connection of the source of the NMOS transistor 10 for current 
drawing, and the drain of the NMOS transistor 1 1 for current drawing, and the 
control signal VEM with which logic "H" level has supply voltage VDD level is 
supplied to the gate of the NMOS transistor 16 for current drawing. 
[0063] In addition, in drawing 5 , although the pressure-up power source VPP is 
supplied to the substrate of the PMOS transistor 1 for an electrical-potential- 
difference change, this is the case where the pressure-up power source VPP has 
the greatest voltage level among various pressure-up power sources. Moreover, 
even if it supplies the output voltage VOUT of a common power-source line to the 
substrate of the PMOS transistor 1 for an electrical-potential-difference change, 
the effectiveness of this invention is the same. 

[0064] Here, in the initial stage of development of nonvolatile memory, all the 
electrical potential differences of bulk generation may be made into an OFF state 
for analysis evaluation of a memory chip. In this case, all the electrical potential 
differences of chip bulk generation are made into an OFF state, and all required 
electrical potential differences are impressed from the chip outside (foreign 
voltage impression mode). In the example of drawing 5 , the pressure-up power 
source VPP will be supplied from the chip outside. However, the electrical- 



potential-difference electronic switch for distributing the electrical potential 
difference impressed from the chip outside to the interior is required. 
[0065] Bias voltage VBIAS will also be in an OFF state, and the electrical- 
potential-difference electronic switch of the 1st to 3rd operation gestalt mentioned 
above stops operating in foreign voltage impression mode. So, with this 
operation gestalt, the NMOS transistor 16 for current drawing is formed in 
juxtaposition at the NMOS transistor 1 1 for current drawing used at the time of 
normal operation. When it is set as foreign voltage impression mode, bias 
voltage VBIAS sets up by the OFF state so that a control signal VEM may be in 
"Logic H" level condition. As mentioned above, the logic "H" level of a control 
signal VEM is supply voltage VDD level. The device size is adjusted so that the 
NMOS transistor 16 for current drawing may become the same capacity as the 
current drive capacity of the NMOS transistor 1 1 for bias voltage VBIAS to be 
impressed to the gate. That is, an electrical-potential-difference change rate can 
be made the same by driving the PMOS transistor 1 for an electrical-potential- 
difference change with the same strength of discharge current as the time of 
normal operation also at the time of foreign voltage impression mode. 
[0066] In addition, in this operation gestalt, even if it adds PMOS transistor 1a by 
which the series connection was carried out to the PMOS transistor 1 for an 
electrical-potential-difference change, and level-shifter 2a like drawing 2 (a) and 
drawing 2 (b), the effectiveness of this invention is the same. 
[0067] as mentioned above , since the NMOS transistor 16 for current drawing 
drive with the control signal of supply voltage VDD level when it have the 
analysis mode of operation which impress from the outside the full voltage use 
inside a chip according to this operation gestalt , an electrical potential difference 
change can be perform at the same rate as the time of normal operation at the 
time of the analysis actuation which make full voltage external impression , the 
steep electrical potential difference change of nanosecond order can be prevent , 
and the dependability of a device can secure . 

[0068] (5th operation gestalt) Drawing 6 (a) is the circuit diagram showing the 



configuration of the electrical-potential-difference electronic switch concerning 
the 5th operation gestalt of this invention. In addition, in drawing 6 (a), the 
component of this operation gestalt is the same as that of the conventional 
electrical-potential-difference electronic switch shown in drawing 10 . However, 
the point that this operation gestalt differs from the conventional example is in the 
point of giving the difference to the device size of PMOS transistor 1' of a serial 
configuration, and 1a'. 

[0069] In drawing 6 (a) the electrical potential difference VM of the intermediate 
node NM between PMOS transistor V for an electrical-potential-difference 
change of an input side and PMOS transistor 1a' for an electrical-potential- 
difference change of an output side In order to avoid going up earlier than the 
output voltage VOUT of the output node NO Device size (gate width) W21 of 
PMOS transistor V for an electrical-potential-difference change of an input side is 
set up smaller (W21<W22) than the device size (gate width) W22 of PMOS 
transistor 1a' for an electrical-potential-difference change of an output side. By 
this, since the current drive capacity of PMOS transistor 1' for an electrical- 
potential-difference change of an input side is lower than PMOS transistor 1a' for 
an electrical-potential-difference change of an output side, it can control the 
climbing speed of the electrical potential difference VM in an intermediate node 
NM. as for device size, the climbing speed of the output voltage VOUT of the 
output node NO and the electrical potential difference VM of an intermediate 
node NM becomes almost the same (VM-VOUT does not reach the level used as 
forward bias) - what is necessary is just to set up like 

[0070] Drawing 6 (b) is an electrical-potential-difference wave form chart in the 
electrical-potential-difference electronic switch of drawing 6 (a). In drawing 6 (b), 
since the electrical potential difference VM of an intermediate node NM rises at 
the almost same rate as the output voltage VOUT of the output node NO unlike 
the case of drawing 12 , the electrical-potential-difference difference between the 
substrate of PMOS transistor 1a' for an electrical-potential-difference change of 
an output side and a drain always serves as the 0V neighborhood, it does not 



generate but a substrate current can also prevent a latch rise. 
[0071] As mentioned above, according to this operation gestalt, the transition rate 
of the electrical potential difference VM in the intermediate node NM between 
PMOS transistor 1' for an electrical-potential-difference change of an input side 
and PMOS transistor 1a' for an electrical-potential-difference change of an output 
side which were constituted by the serial on the occasion of an electrical- 
potential-difference change can be controlled. By this, it can prevent that forward 
bias is impressed between the substrate in PMOS transistor 1a' for an electrical- 
potential-difference change of an output side, and a drain, a latch rise can be 
prevented, and the dependability of a device can be secured. 
[0072] (6th operation gestalt) Drawing 7 (a) is the circuit diagram showing the 
configuration of the electrical-potential-difference electronic switch concerning 
the 6th operation gestalt of this invention, in addition -- drawing 7 ~ (-- a --) - 
setting ~ a book - operation - a gestalt - drawing 6 - (-- a -) - having been 
shown - the - five - operation - a gestalt -- a component - in addition ~ a 
pressure up - a power source - VPP - two - supplying - having - an input side 

- an electrical potential difference - a change - ** - PMOS - a transistor ~ one 

- ' - an output side - an electrical potential difference - a change - ** - PMOS 

- a transistor - one - a - ' - a series circuit - juxtaposition - an electrical 
potential difference - a change - ** - PMOS - a transistor - one - " - one - a - 
- " - and - a level shifter ~ two - two -- a - having prepared - a point - the 
description - it is - . 

[0073] drawing 7 - (-- a --) - setting - an input side - an electrical potential 
difference - a change - ** - PMOS - a transistor - one - " - an output side - 
an electrical potential difference - a change - ** - PMOS - a transistor - one - 
a - " - each - the gate - connecting - having - a level shifter - two - two - a - 
an input terminal - **** - a control signal - C - three - supplying - having . 
Here, current drive capacity of PMOS transistor 1for electrical-potential- 
difference change" of an input side and PMOS transistor 1a" for an electrical- 
potential-difference change of an output side (each gate width is W3) is made 



larger than PMOS transistor 1a' for an electrical-potential-difference change of 
the output side shown with the 5th operation gestalt (gate width is W22) (namely, 
gate width W3>W22). 

[0074] In order to avoid that forward bias is impressed at the time of an electrical- 
potential-difference change in the 5th operation gestalt, the current drive capacity 
(gate width W21) of the PMOS transistor 1 for an electrical-potential-difference 
change of an input side - the current drive capacity (gate width W22) of PMOS 
transistor 1a' for an electrical-potential-difference change of an output side - 
small -- having carried out (W21<W22) - When transitional fluctuation of a load 
arises after output voltage VOUT rose, following in footsteps of it becomes 
difficult. That is, the voltage level of output voltage VOUT may descend by the 
load effect. So, with this operation gestalt, descent of the output voltage VOUT 
by the load effect is avoided to juxtaposition at PMOS transistor 1' for an 
electrical-potential-difference change of the small input side of drive capacity by 
large PMOS transistor 1" of drive capacity, and connecting 1a." 
[0075] Drawing 7 (b) is an electrical-potential-difference wave form chart in the 
electrical-potential-difference electronic switch of drawing 7 (a), drawing 7 ~ (- b 
-) ~ setting - common - a power source -- a line - output voltage - VOUT - 
VPP -- two -- level -- changing -- making -- the time -- first -- VPP -- two - 
supplying -- having -- an input side - an electrical potential difference -- a change 

- ** - PMOS - a transistor - one - ' -- and - an output side - an electrical 
potential difference - a change -- ** - PMOS -- a transistor - one - a - ' - 
turning on - making (activating a control signal C2) - common - a power source 

- a line - output voltage - VOUT - VPP - two - level - changing - making . 
Then, a control signal C3 is activated and PMOS transistor 1for electrical- 
potential-difference change" and 1a" are made into an ON state. 

[0076] this - a load effect - being generated - even if - a control signal - C - 
three - being activated - having had - an electrical potential difference - a 
change - ** - PMOS - a transistor - one - " - one - a - " - a current - a drive 

- capacity - being large - a sake - a load effect - receiving - enough - 



imitation -- being possible ~ ** ~ becoming . 

[0077] As mentioned above, according to this operation gestalt, the transition rate 
of the electrical potential difference VM in the intermediate node NM between 
PMOS transistor 1' for an electrical-potential-difference change of an input side 
and PMOS transistor 1a' for an electrical-potential-difference change of an output 
side which were constituted by the serial on the occasion of an electrical- 
potential-difference change can be controlled. By this, it can prevent that forward 
bias is impressed between the substrate in PMOS transistor 1a' for an electrical- 
potential-difference change of an output side, and a drain, a latch rise can be 
prevented, and the dependability of a device can be secured. It can follow in 
footsteps of the load effect after electrical-potential-difference transition at it and 
coincidence. 

[0078] (7th operation gestalt) Drawing 8 is the circuit block diagram showing the 
configuration of the electrical-potential-difference electronic switch concerning 
the 7th operation gestalt of this invention. With this operation gestalt, two or more 
PMOS transistors 1 for an electrical-potential-difference change and level shifters 
(LS) 2 corresponding to it are formed. 

[0079] Setting to drawing 8 , 17 is the substrate electrical-potential-difference 
generating circuit (VSWGEN) of the PMOS transistor 1 for an electrical-potential- 
difference change, and the internal pressure-up electrical-potential-difference 
generating circuit (VPPGEN1, VPPGEN2, -, VPPGENn) of plurality [ 18 ]. The 
substrate electrical-potential-difference generating circuit 17 and the internal 
pressure-up electrical-potential-difference generating circuit 18 are controlled by 
the signal MODE1 corresponding to each mode of operation - MODEn. The 
internal pressure-up electrical-potential-difference generating circuit 18 generates 
the electrical potential difference VPP1 - VPPn which have level which is different 
according to each mode of operation, respectively. On the other hand, the 
substrate electrical-potential-difference generating circuit 17 generates the 
electrical potential difference VSW which has the greatest voltage level for every 
mode of operation. 



[0080] Since the voltage level greatest by each mode of operation is impressed 
to the substrate of the PMOS transistor 1 for an electrical-potential-difference 
change by the substrate electrical-potential-difference generating circuit 17, the 
source of the PMOS transistor 1 which has more than one, and the electrical 
potential difference of a drain are always smaller than the substrate electrical 
potential difference VSW, or since it is equal to it, forward bias is not impressed 
by it between the substrate of the PMOS transistor 1 for an electrical-potential- 
difference change, and the source, and between a substrate and a drain. This 
can constitute an electrical-potential-difference electronic switch from one PMOS 
transistor 1 and one level shifter 2 for every electrical-potential-difference change 
unit. 

[0081] As mentioned above, since according to this operation gestalt the device 
used for electrical-potential-difference change actuation can be constituted from 
one step of PMOS transistor and the level shifter which accompanies 
coincidence can also be constituted from one step, the circuit scale of an 
electrical-potential-difference electronic switch can be reduced, and layout area 
can be made small. 
[0082] 

[Effect of the Invention] As explained above, according to this invention, the 
exceptional effectiveness listed below is done so. 

[0083] (1) If the discharge current of a current regulator circuit is set as a desired 
current value in order to perform drawing actuation of the gate voltage level of 
the PMOS transistor for an electrical-potential-difference change through a 
current regulator circuit and to make the PMOS transistor for an electrical- 
potential-difference change into an ON state, an electrical-potential-difference 
change rate can be set up freely. Therefore, it becomes possible to prevent the 
steep electrical-potential-difference change of nanosecond order, and the 
dependability of a device can be secured. 

[0084] (2) It is not based on a mode of operation, but an electrical-potential- 
difference change rate can be fixed, and an electrical-potential-difference change 



rate can be conversely adjusted for every mode of operation, and the design of 
an electrical-potential-difference change sequence becomes simple. 
[0085] (3) At the time of the analysis actuation which impresses full voltage from 
the outside, an electrical-potential-difference change is possible at the same rate 
as the time of normal operation, it becomes possible to prevent the steep 
electrical-potential-difference change of nanosecond order, and the dependability 
of a device can be secured. 

[0086] (4) It can prevent that forward bias is impressed between a substrate, 
between drains and a substrate, and the source in the PMOS transistor for an 
electrical-potential-difference change of an output side by controlling the 
electrical-potential-difference transition rate in the intermediate node between the 
PMOS transistors for an electrical-potential-difference change of an input side 
and the PMOS transistors for an electrical-potential-difference change of an 
output side which were constituted by the serial in the case of an electrical- 
potential-difference change, a latch rise can be prevented, and the dependability 
of a device can be secured. 

[0087] (5) It is possible to constitute the device used for electrical-potential- 
difference change actuation from one step of PMOS transistor, since the level 
shifter which accompanies coincidence can also be constituted in one step, the 
circuit scale of an electrical-potential-difference electronic switch can be reduced, 
and layout area can be made small. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram of the electrical-potential-difference electronic 
switch of drawing 1 (a) having shown concretely the circuit block diagram (a) 
showing the example of a configuration of the electrical-potential-difference 
electronic switch concerning the 1st operation gestalt of this invention, and the 
internal configuration of a current regulator circuit 7 (b) 
[Drawing 2] The circuit diagram of the electrical-potential-difference electronic 
switch of drawing 2 (a) having shown concretely the circuit block diagram (a) 
showing the example of a deformation configuration of the electrical-potential- 
difference electronic switch concerning the 1st operation gestalt of this invention, 
and the internal configuration of a current regulator circuit 7 (b) 
[Drawing 3] The circuit diagram showing the example of a configuration of the 
electrical-potential-difference electronic switch concerning the 2nd operation 
gestalt of this invention 

[Drawing 4] The circuit block diagram (a) showing the example of a configuration 
of the electrical-potential-difference electronic switch concerning the 3rd 
operation gestalt of this invention, and the circuit diagram showing the internal 
configuration of the voltage adjustment circuit 13 of drawing 4 (a) (b) 
[Drawing 5] The circuit diagram showing the example of a configuration of the 
electrical-potential-difference electronic switch concerning the 4th operation 
gestalt of this invention 

[Drawing 6] The circuit diagram (a) showing the example of a configuration of the 
electrical-potential-difference electronic switch concerning the 5th operation 
gestalt of this invention, and the electrical-potential-difference wave form chart in 
the electrical-potential-difference electronic switch of drawing 6 (a) (b) 



[Drawing 7] The circuit diagram (a) showing the example of a configuration of the 
electrical-potential-difference electronic switch concerning the 6th operation 
gestalt of this invention, and the electrical-potential-difference wave form chart in 
the electrical-potential-difference electronic switch of drawing 7 (a) (b) 
[Drawing 8] The circuit block diagram showing the example of a configuration of 
the electrical-potential-difference electronic switch concerning the 7th operation 
gestalt of this invention 

[Drawing 9] The circuit diagram showing the example of a configuration of the 
conventional electrical-potential-difference electronic switch 
[Drawing 10] The circuit diagram showing the example of a deformation 
configuration of the conventional electrical-potential-difference electronic switch 
[Drawing 11] The circuit diagram showing the internal configuration of drawing 9 
and the level shifter (LS) 2 of ** 10 

[Drawing 12] The electrical-potential-difference wave form chart in the electrical- 
potential-difference electronic switch of drawing 10 
[Description of Notations] 

one ~ one ~ a - one -- ' ~ one - a - ' -- one -- " ~ one ~ a - " - PMOS transistor 
for an electrical-potential-difference change 
2, 2a, 2b, 2c, 2d Level shifter (LS) 

3 PMOS Transistor for Level Shifters 

4 NMOS Transistor for Level Shifters 

5 Inverter for Level Shifters 

6 PMOS Transistor for Control 

7 Current Regulator Circuit 

8 Capacitor 

9, 10, 11, 10b, 10c, 10d, 11b, 11c, 11d, the NMOS transistor for 16 current 
regulator circuits 

12 Logic Gate (2 Input NAND Circuit) 

17 Substrate Electrical-Potential-Difference Generating Circuit 

18 Internal Pressure-Up Electrical-Potential-Difference Generating Circuit 
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[Drawing 1] 





[Drawing 2] 




[Drawing 9] 




[Drawing 6] 




[Drawing 10] 




[Drawing 12] 
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7 7 co y- b *utm 2 co b y 7 7 1 £ m I 

[0017] ±.$mm<Dm i <7)9K®mmizxti&. 

PMO Sh7yy'x^^yti(i«^ 5£MS 

o . fy ^ xo^mmzmmh i fc *<-c# & . 
[ooi8] ffne<3BW£aj£-f 

H2co€J±Wg«ii, VMW£bim%l9Bls*>V 

mtmsmm (vpp) ^y-xtf±^§ii, b y 

>f ^EB^Uffi (VOUT) SrmfS^ii«SB«fc«? 

icopmos b7>yy'77 (mi±Wgfflb7yy'77) 

fc, 3llCOPMOSb7yy77coy-bhSjIl;i!gfg 

fc«;fSM§ti^^y7fc . #um^y-xfe 

- b {z b y >f y ^SM §M2OPM0Sf7yyX 

7 (iijpfflh^yyx^) xnm-izmmmmz- 

2«PMOSh7yyi^«f-M:ii§^t, mTlE 
IMfl-^-Olrall r Hj b^;H:MIE€i!SmJ±omi±y^ 

/by 7 7 ( l s ) t , MWi^-e^-e^-s-oA^as 
TO**&§tu - bWtTStt^tiiM 

Oi&^-bfi^- (MODE 1, MODE 2. MODE 
y-b (f^Uif, 2 A^J AND [Hfl ) t , #A*3S^ 

i i i nay- b mK^ti^mm-^zmm^Ktzm 



1^2(?)y7bUy7?t, »0§?2coy^/by7 
^^Offilfrti^fcJ: DfflfPStU UlcOPMOSb^ 

y y 7 7 co ¥- b comJI y </b & &t& v </b t £ TM 

1 COPMO S b 7 > > X 7 7) f- b § ft , ^- b 

(cminmj±//EPJa§ *l i,mioNMosb^yyx^ 
fc. #b~y-f y^BioNMos b^yy'x^oy-x 

ax mm. y-b*g) z^i-mmcom2cr)NMo 
shy>'Jx?t, #by^y^'M*om20NMos 
byy ; Jx?cr)Zti^ticDV~xizimZti. &V~x 

mmnmzmmzti. #y- b c^'^ tx^ji ( v b 
ias) ^satffti&^ii. afWrffA'^t 

-fX (f^Ji«\ y-b*M) ^^i1-SSi*om3ONM0 

shyyjx^k^mitzc\timmt-ti, 
[0019] z\ffM2ffM&mmm. b y^ vim 
lOPMosb^yy'x^ob'y-f ytssies^, y- 
xfe j;^M^fimiSHfcSM$n^3 opmo s 
h7yy'x^y A7iiffiW®ioy^;by7^oA^ 
ssf-fcffiR$^ s tB^jii^gf 30PMosb7yyx 

9 <7) y- b iz m M $ ix tz m 3 o y kjv y 7 ^ * fi I tz c\ 

[0020] ±immm2<7)m&mmmz£titi. 
mm- b cje ixmti-^mmmm^nmznm-t 
mm-vmz, mw.com 2 a xif^3 con m 
osb^yy'x^co^x^^-ix-e'tiM^^^-c, 

p m o s b 7 y y'x ^ t ± h W£® 0 # i 0 

0 , €J±«#y-7-y7cofgft^WIt^i> . 

1 0 0 2 1 ] m 1 omj±«#0s&tt. vtzfo 
txmmtzfimmcDMm- vim (moded 

MOD E 2 , MOD E 3 ) Cfot, S*P€J± (VRE 

f) t^^Lfzmts:hm±v^)v^th^ur7M 
EZfttthmmmmmffi*. hz\t mt u\, 
[0022] zcommzxtiti, TX^JIVB I A 

S£»#^-bfcffitTM^-£T. €J±«#fflPMO 

s b =7 v y7 ^ coy- b <mm$m*wm-t& tub . 
m 2 comu«#0£#co i 3 ^ . ^i*co y y 7 7 ts i 
wmcoNMosb5yyx7(±^fc^ i 9. mmm 

mx\ iwFE- btttmj±w#}iE^pst-i» - 1 ^'t- 

€ffi«#y-yyxco|gft«s!t=5:S 0 

[ 0 0 2 3 ] * $ 1 comnfij#0S#(±. fw y^' 
i?3coNMos b7yy'77cob'y-f ytz&etzti* v 
-xmmmmzmmztt. y-bt, mm thj y< 
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mtziimmtm (vemj tfm&zti&minNM 
[0024] .icommzktii^ i-vrftSF&m-ti 
d d y^vmmm^xmm^tihtz^, itn&^YU 
m%n&mm± ix . t^m x^tiittS: nft-ts 

[00 2 5] MIE^BW^itJiic-rS/i*, «*JM§ 

^*-rs#j±m« (vpp) tfv-xizm&zti&t&i 

WMOSb?^'^ ( AMi^tffi tiJ#ffl h 5 > 

: y~H§W2 1 ) fc, A^S^mj±«0#^S- 
ff^d 3t*«H 1 OfflWI^ ( C 2 ) tffjt&Sfu ft* 

mntm lcoPMosp-^y yx ^w- p- tg&f s*i 
t, r Hj ^minmji^m 

</^7? (LS) fc s h'U-i/-^l«PMOSh7 

y^x^op-'Wytfg^Six, y-x^a#j«J± (v 

OUT) ^ffi^t--i.^jlWftff^§tl^H2<7)PM 

osh7^^ ( m-jifflnnssmm h ? y : jx ? ■. 
y~hmw2 2) t. tjinwzm i oimm&m 
zti, ai^s^ i i^20PMos hyy-yz^coy-h 
izmmztitzm2<DUKjuis7? as) t^fi^, * 

ISi^PMosh^y^^ffiS 

iESrifcWi, ^2 COP MO S b 5 yy'X ^om?I»fg 

SJiDM^^ (W2KW2 2) dt^^Stt-rs. 
[00 2 6] c\e>m3<7yw±im®mz£titt. vs.® 

mmiz , e^ij ^ A^«^mj±w#ffl pmo 

Sb^yy'x^t ttM!iJ^mJKO#ffl PMOSh^yy 

pmo shyy'Jx?izmmut f w y^ui-A' 

■v r m± ix , t^m xcofiffitt^ watts ; i: a*? 

[0027] m cDn&mmmi, &mwm&v-x 
iz{m$ti&m3p)PMoshyyi;x? (^-h§w 
3) xts^^zm^.imm^^s.~t^tz^m2 
m\m\m (C3 ) #w$tu m^s^jg3^PM 
o s h ? y $ coy- h izffl&z irx , m 2 cosy wi 
-^f&s r Hj i^i^^mffiz^i^i^&ipfE 

W y^'H3 op mo s b y yvx9<r> K W y\,zwm 

stu v-x^ftfflmw3isitS^m4i7)PMo s 



fflMt^ ( C 3 ) #&#&3;fu ffiMWi4 0PMO 

s f ^ y s^x ? o ^ - M;ffM § ti/s S? 4 y 7 
^fc^ffii.. H3fcJ;v'll4toPMos h^yy'x^o 

Iftt&tjJ: 9 i>*l^ (W3>W2 2) Z\btm&L\\ 

c\<nm^. %2m\m\m (C3)ii *»«iitiom 
Stt-fkS^ m3fcj;v'm4toPMosh7yy'x^^ 
[0028] c\mmzkmi. n&mm<nmz=7 7f 

T -y rfcfi&jh LT , f^-i xmm&Wk-f & Z k W 

x% hkkhiz. iffimiwtfsic h snares 

[0029] mmmmm$ii-&t^. *miizm 
m4com&mmm. mmi£kizzti?tim%z>n 

f±]yK)li^-fimmcOWJ±9M (VPP 1 -VPP 
n) tfttl&ltoV-AtZffibZtl. ZVlsAytfitiJl 

us. (vout) mmi^Mwmizmm^tim 
mcoPMoshyy : Jx?t. ^x^mizm&mm 

IZ'ttd tz^(DMmim (Cl-Cn) tffflkZ 
ft, #tti^S^mOPMOS VJ>i/X90)*ti? 

twy- h izmmztitzmk^yKHisy? t , 

vizmtximitztimmmm- vmtzm 
~$\ ^x , zhmmmm&mm^mi-mmm i 

tfOWEE^UK (VPPGEN 1— VPPGENn) 

micomft^-vimizm^x , »pmos 

iftt:ffi*frtS«£E*4jS-f4»2<0lKE^IlIffi (VS 

wgen) kzmitztkmmki-i* zw^^ m 
2comj±^mm. Fi^i^t^K^ 

[0030] zcDm4com&mmmzxtai, nsm 
mmmzm ^tf^x^PMoshyyyx^imx' 

^ffix-3b<o. ]/ATiyhmm*^<tizkPx% 

ho 

[0031] 

[0032] (mi Wlifl) HI ( a ) (i, 
om 1 <7)SiaggStffi5«ffi«J#[lIIS««fi£S: 

^n-/^Ht*S. Hi (a) £tivvt. iamj±«# 

fflPMOSl^yy'X^, 2l^^y7^ (LS) . 
nf*<7)M«fflPMOSb7yy'X^, 7«5e€^0 

\i.mi nz^io^mnxm^tih, n&xmm 
pmos y-yyjx^ lcoy-xtii, #j±€i!gvpp 
^oKL^y^A>*fflm«l5tffi^€J±v 
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[0 0 3 3] HI (a)tittffiWPMOSh7 

t>K i *u±, #a#j±m«o o h v p p ¥m±(^ms.v 
^ivx-foh $knX"foh . ttz. n&mmm p m o s i- y 

mLtztLxh, *m&mm$mmThh. zngm 

mnmmm (^b^) wsmztixm. sam 

[00 34] mEW^fflPMOS hyyy'xy l^jr- 
^ A y y 8 ^-7: . 7 tffgJi § *Vt ^ 

PMosbyyy^y i^y-hhvss (gnd) m 

[ 0 0 3 5 ] iJct, ULhtfOJ; d fcfl»j£§*lfc*EK!J#|I| 

[0 0 3 6] it 1 . Iffllfl fflfl!Hl#CTRLKJ: 
mihfih, HI (a) £>lKffiaj#IIII&£i5VvcH\ ffl 
fiPft-f-CTRL^Wi r Lj ]yKjV (VSS) fcfcofc 

tmm PMosf5y^6«y-h ti^a 

r l j (vss) ^%a§ixT . MfflfflP m o s 
b7y^^6!wy»:^^ 5t«sK£7 
lis ^7W^0m^lgt6^tf*^^v\ Ltzifi^ 

x , mmmm p mo s b y y >>'xy i <ny- v tav 

P P y ^HflSi $ il , €EflJ#ffl PMOSb7yy'X 

[0037]^:, Mfflff^C TRLKli r Hj K 
;MVDD) fc&ofc^-ti, P^^7^2tJ: l 9* 
tl, Mfflffl PMOSb7yy'X^6« 

y-M;vppy^«a$til, 0 jmtiim 
7 ji* y*»% o . mmwmftzfi a . 

X, mEfiJ#fflPMOS!-yyyxy l^jy-Hi. v 

p p uKjvfrt, , mn$im% 7 commmm^ omms 

fflPMOSb7y^i (i:*y#!8fc:$: o , #E€iI 

V P P ^fimiHllt K7JmJ± V O U T t LTfe31§ tL 

[00 38] l/KfVi/y 9 2 Oft^EO 

*y/:*7S£8ft:iEtT, lMffflPMOSb7Vy 

i £^y/*7$-£-o^?)T\ 8-ty#-c*£KD 
Mff^^*. zmzKLx, ^mmmmxn, 
SHIM 7 1 1 o s -%mmxnE.mmm p m o s b y y 
y.x y i co h mmmm $ n& t:#> , i 



[0039]H1 ( b ) HI (a) ««Ji«7 

WmWrmfMX'foh . HI (b) tijwt, 9. 1 
o. i laNMosh^yyxyT-feSo H^oj;7 
3otoNMosh^yyxy 9, 10, li^WJ 

mm^KX^h, NM0Sh7yy'X^9cDy-MiV 

dd(; s ^(^yva yii€J±W#fflPMos hyyyx 
yi^y-K y-x(±NMos by yyvxy i o^f 

MytffiR3flT^4. NMOSf7yyy^9(t 

nmos hyyyvxy i o. 1 1 toy-x/KW yp B l 

v^(i^B&L-ct^ii7^^ 0 nmos h^yyxy 
io^y-xi±. NMosh^yy'xy i kkyvav 
^wy-Mi, K;^7^2 0ffi^^t^§ 
NMOSN7yyX?10l:j;0.£iiffl 
S&7(7)>j-y/^7$iJtP^Tt>fL§ 0 NMOSh7yy'X 

y i i (oy-htfi, aw rxmEVB i as«? 
ix. W-xiivss (gnd) \zm&&tix\^h. 

[0040] rm^^V^fCOiidiZ, f77^t 

teKthSfL-rv^. ^yrxtffvBiAsam 

^ljOS**EV RE F *f mttlii i. ^ o N MO S h 7 

yy'xy i kd^jU xt>W rxn&NB i a 

SnVOMzk 5gm^@^7<7)mWIS^£S 

[004 1 ] JiUJi. S®«i®6l^ai*«JEvouT 
A^ffljo#Em«v P P i D im^Ln* 

n^<oaj^«ffiv o u Timmwnm ppnin 

H2 (a) 

[0042] H2 (a) WWfigfi, HI (a) Offi^t 

an^T. €EW#fflPM0Sbyyy'xy i at. €E 
•TO^fflPMoshyyyxy i atoy-M=gfi£fti, 

V*j\sis7 y 2 a t SrStf/S t S . -etOffitOlf^ 
SSttHl (a) fc^ltT"fcl> 0 H2 (a) t^V^T. 

A*M<7)€l±fiJ#ffl PMOSbyyy'xyi 

#E€iis v p p mm zti. Him\com&mm pmo 
s hyyjx? i aoaKta^jim^ii^ffi^mEv 

OUT**ft»§*L4&. MioCltLll ATJlIL a* 
fflo^E^ t j&*S < =5: o X i> . mEW#ffl P M O S 

h y y y k i a t f v a vw>zm mtx 

[ 0 0 4 3 ] H2 ( b ) ti:, H2 ( a ) Ote€^@^7 
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mmf&<rmmf&mmwmxbh . 02 (b) <z> 
^mssEim^&T coftmmmm 1 ( b ) t mm-c&z. 0 

2(a) fcltV'02 (b) <7)®mH&fc£*) . 01 
(a)fciy'l ( b ) T"tM LfcS&Si: 

[ 0 0 4 4 ] I4.±, *»»Jt itLH\ mKU#fflP 

y- v mmtmmm . %9&mm n^Lxnotz 

[004 5] {%20MWBm.) 03(4, WJ^)H2 

commmm m & n&mm&mm^-tmmxjb 

1 i3 4 Via 2 t [§]#^}f l£i?«(d4[5] tff-Wt LTIM 

[0 04 6] 03KiSWt, 2 b. 2c, 2 d(4W^ 
(LS) , 10b, 10c, lOd, lib, 1 

lc, 1 1 diiNMOs h^y^x^, \ 
V (03OMT142A7JAND|l|j®) Xfoh* l^^;t/v 
7^2b, 2c, 2d OATJffi^ ttiM?- M 2 <7) 
»3?-M 2<7)-^A*S? 
fc(4, «JKJJ§fflPMOS h^y^'-X? 

tMODEl, MODE 2 , MO D E 3 . 
[0 04 7] ^y7^2b, 2 c, 2 dc^jSgT- 
(4, NMOSb^yy'X^l 0b, 10c, lOd (£ 
2CDNMOS b^yy'X^) oy-bWgMSil, NM 

osh^yy'x^ i ob, ioc, iodtob'Wyi4 

SaffiM^tlT, NMOSb7yy'X^9W-Xi:S 
iE^tlSo NMOSb^yy'X^l 0b, 10 c, 10 
dtOV-Xtt, ^tl^tl, NMOSh^yy^l 1 
b, 11c, lid (H3 0NMOS b^yy'X?) (JO 

bWy^SMStu NMosb^yy'x^i i b, 1 

lc, 1 1 dtDV-XteVSS (GND) fc, ^(7)^"- 

hiz&imt l zJUTxmE.vBiAs&ffl&zti&. - 

df, NMOS h^yy'-X^ 1 0 b, 10c, lOd 

t, NMOSb^yy'x^i lb, lie, lidt, 

[0048] 03T14, iffi«ffflPMOSh7 

y y x ? i ^>mmms9M v p p Kg m § *rc ^ & 
tiK c\ tu4, ^m^-KWM^ o h v p p ^m±com&]y 
Kiww&Tfo s . * & , WEWwrn PMosb^yy 
i (omm^mmwmiztmLtzk lx l , 



[0049] ftkMW Lfz 4 d K, OiTJmJi V O 

'j-fe/uoy-^ag^ hw y^t€J±£«f 
ftomsaiT* o , ^««y- * u h ( 

ffofe, i^ftL) K4^T, IStStiI^->t 

£H#(410mAT'£> £>S^i4, »f^JI# 

^J:£\ «^3,^B$ii 3 0 0 p F , fg^B#a 6 0 0 p F 

[0050] £0>*g£\ m i tossiis^ «t 3 

7 1 i o t , -mnmmm.'cwmmm p m 
os h^yy'x^ i £|gftiUc±§^, ir^-b'^io 

(i, «EW#fflPMosh7yy'x^ioy-btoKm 
B#r B i^(tT-«^i ^-r , *$&mm<7>nM<?)±z § t i 

T, €J±«#y-^ryx^^^ Sy^lMf^SiJffl^T^ 
MJEtfcM#MODE 1, MODE 2, MODE3£J; 

0, y-<;i/y7^2b, 2 c, 2 dod^^-fix^io 

y'X^lOb, 10c, 1 OdtV^-m^lo^JStt-ft 

5tM<7)J;at, ttS?[#fe#fflNM0Sb9y 

10b, 10c, 10 d<7)T-A'-f Xfi-ttl 

««S£M* »Srib*5 i i: h . ^^^>, i)^ 
- H tJE tTSSHE-f S tffift^JB LT , 

[0052] =sr?y ^mmmfMzaux, 02 ( a ) a 
ixm2 (b) «iot, njRu#fflPMos b^yy 
x ^ 1 {zwmmtitz PMOSb^yy'x^iat, 

b^y7 ^ 2 a t ^}IJdLT & , *^BJ<7)^{4^]« 

[0053] ja, jfmmmmxz inu. m^-viz 
mtxmt^^mmmmconmznm^^< , m& 

^-b'ttic, nmos b^yyx^ 1 0b, 10c, 1 
od, fciv'NMo s b^yy'x^ 1 lb, lie, 1 

mmmzmmtz z t , t%fc%. m&mm p 
mo s b 5 y yx^ 1 1 i i>€J±«D#i^5iS^iiS 
X-oX. W}i^~Vizi.^. mf± 

mmmm-T^z-th z. t mmx% 0 , t tzmz., m 
x&mwffimi,z%& . 

[0054] (H30||fftMg) 14 (a) (4, *%HJ 

com 3 ome^itffi s €J±«#@ff^Bi& ^tmf 

VvtmXfolv 04 (a) tfcV^T, mi tOll 
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mrmm^tmi (b> tnm^Mfmmu±mt 

[0 0 5 5] 04 (a) fci5W£\ *E!fflg0»l 3fc 
(i, SilffVREF (g&2tf)gS«EE) , *5it*&£fr 
^-h'tMJEbstfi^MODEl, MODE 2. MO 
DE3#A;Jj3ft£. €J±iffi@I$l 3<7)ffi^mJ±VB 

IASI1 l^l^ft^NMOSf^yyX^l 1« 

[ 0 0 5 6 ] 5ri3, [^4 ( a ) tEfllfflPMO 

sf^yyx^i ^ast;(±#J±mJ±v p p^ffi&Sti 
[0057] ^mmmma. w±wmm nci^ 

T, iMf^-B^tT, ^llfelfflNMOSF7yy 

i^y-htEPiDSti«.A*>f r^^EVB i as 

«D«ffiU^£PSEf SffiJ$£fcS. "tfcfc^ WEEP 
LT, aMT^HJEVB I AStfOHEU^^M:? 

s«aiiiB^iw«auitsfl:$*5. £ 

[ 0 0 5 8 ] H4 ( b ) }±, «E9eBEl9lft 1 3<7)|*]gPflf 
flgM^^fHIffiia^S. 04 (b) tfcWC, 14ii 
«JEEM^ffl«#8ft^ffifit , 1 5 iifKffl N M O S h 
7>=JX?T$)t„ mffilfKfflNMOS hyyVA? 1 
5 <^y- h fcii, #i&fFt- F t^JiE L /Sfl-f-M ODE 
1, MODE 2, MODE3A«§ill>o S^ffitS 

i4(i, apmjivREF (m2«s?pmj±) tVSS 
( gn d ) r H Tc-3 o«u^^^rr5^£E«£E^^js-r 

l>„ IMFE-FfcJfctT, mJBIfKfflNMOSb^y^' 

fEVREF^MEl^k^H T*€1£VB IASfcL 

fcU^/^AM T^WJEEVB I AS^mffil)ll»lMli&l 3 

[00 5 9]^, Wltfel^ , 1212 ( a ) & 
(b)?)«fc3£, lff«fflPMOSb7yy 
X ^ 1 ( :: MM $ iifc P M 0 S f- ? > >X ^laL 

[00 6 0] Iil±, 2|sSUBgffit Xtiif. 

vb i As^iMNt-KtiEtrsfl:§*r, mj±w# 

fflPMOS hyy z/X 9 1 <F>f— h tf);8M*SK*£ MS 
-fl>/iA6, i?2^ll»pjy)j; 5*. li^K'Ly? 
^2b, 2c, 2d, MfcCO^fe^fflNMOS h7>y 



y'X?10b, 10c, 10d, lib, 11c, 11 
i:D/b^«»C, »fFE-b*tefc«jEE-BJ 

[00 6 1 ] (S4«Sflig) 05 a, *^^m4 

h„ £i>, 05fci>UT, HI (b) fcR«t<0fifES;^j» 

if l ^liWKC JDiT , tS^lltlMNM o 

[00 62 ] HSfeBwr, I^llttlfflNMOSf 
7VyX^ 1 60h*Jyf y-ii, HgJE3l##E# fflNMO S 

hyy : Jx9 1 ocoy-xt, t^liisifflNMOs 

SBISttSfflNMOS h^y^'X? 1 60y-ht(i:, 

ifta r h j i-KAvnwn&v d d v^vit^wim 

[00 63 ] @5T1i, €JKU#fflPMOS 

y^'-X? 1 co36fRfcUi#£E«iBVPP**ffi#&$fLTV^ 

.im* , #«#j±m«o a %#j±«igv p p 

MO S h v >i?X? 1 £0«t*ffl«M^til^«J±V 

[ 0 0 6 4 1 ; <r imm* * u «i^«*b 

JD^- V) , EI5 <0^JT{± , V P P -y 77h 

SSA^^^^S.Itt^S. fit, ^>yT^^^Ep 

[00 6 5 ] ^gP€J±EPJD^- 7XtJ±V 
B I ASW7t!Ei:5:^ mf^L^mi^^S^II 

ffi&mXU , ftlfflNMOSf^yy'Xf 16 

fflfPft^- v e Mtmm r h j KiMMti %>i. o tts 

S-TS . Mi*^ i 5 (c , StJOTI^- V E MOfMI r Hj 1/ 
^W4WS«£EVDDP^'C*5. ttBS?l#^fflN 

Mosb7yy'x^i6(i y-b^^rxmj±vB 

I A S^'Epj[]§ill> NMO S h yy ; JX9 1 1 W«giEiE 

mm^tm tmiuz^zx o ^-^^ x*ta xw 

wnmt m tummmx-m&mm PMosf^yy 
x 9 1 tms+h z. t T", m&mmmm iiz-tz z 
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[ o o 6 6 ] *mmmz&v*x , 02 ( a ) ii 
X9 1 tBJOSBRSnfcPMOSh^V^^ 1 at. 

[ 0 0 6 7 ] iixif , i-vTftmx' 

•t&%&. lS5I^MfflNMOSh5yyX^16i!) s 

mwmj±y d d p^/wiiffliftii $ix& fcft , £ 

-;T-<^*&ttJH2J#£ Kit LT . tV ^ x<7)M«tt 
[00 68] (H 5 OHJftMl) 06 ( a ) (i, *f|BJ 
Srfc, 06 (a) fcB^T, *»fiff^FJ«ffi 

li£^PMOSb5yy^^l' hi a' COt-AM -X^ 

[ 0 0 6 9 ] 06 ( a ) tfcvv^ A^Jffi<0«EW#ffl 
PM0Sb5 >i?X? 1 ' t ft;WI<7)*RU#fflP MO 
Sb7^^1a' fcCOlSI^tflSiy-HNMiO^EV 
Mtf, ^y-KNOOtfl7J«J±VOUT c fcDi^<± 
AMlJ^ttJKUtfflPMO S 
h^y^X? 1 ' tfDrAM X (^-Ml) W2 1 
* tfl7JfIIJO«J±^#ffl PMOSb7yyX;ia' <7)r 

jux^x (y-hm) w2 2io«.^s< (W2 1 
<W2 2 ) ifts^-s. ;w:^t, A^ni^muwg 
fflPMosi^yy^r om^.»f ^\ 

to , cfj r H i y - h n m \z a n s mffi v m o ±#31 a £ toi 

Offi*€J±V O U T fc - F N M«tffVM(?)±# 
3L£#*f KiTlSI 1 & S (VM-VOUT j&sjlRy \*>f 7X 

[ 0 0 7 0 ] 06 ( b ) (i. 06 ( a ) (MiEBf&Effll 
liZWbWmWMX'hh, 06 (h) (cft^T, 01 
2^*l^fcM^ 1 9 . WaV-FNM^mJlVM^ftTJ/ 
- K N ooft^mnvo ut i (iff|3] tj£g-C_h#-f £ 
fctf) , ftMlO't JK0#ffl PMOSl^yy^la' 

[00 7 1 ] iil_b. iftfcf, H1KU#^I! 

t , E?Ofc*M£^£A:«lomWgffl PMOSh^ 
y y X 9 1 ' ffi 7Jffi«€J±fiJ#ffl PMOSl7yy'X 



[00 72 ] ($60£gtfg!B) 07(a) t±. *|§BJ 

H-cfcs. =5r*s. 07 (a) tz&^x. xmmmte. 

06 (a) ^L^5^SM^OSfiScSStjDi 

x . #j±€*iv p p 2 xMmm&mm 

pmosi^ yy'x^ l ' k iHtsMcom&m^P mo 

Sh7 y y X ?la' t M?0t . €J±«#ffl 

PMOS h^y^'X^ 1" .la" , fcit;Wy7 
* 2 , 2 a £i£{tfcj£fc:*#gi#*> S . 
[ 0 0 7 3 ] 07 ( a ) tCi^T . A7Jffi^€J±«#ffl 
PMOS17 VyX^ 1 " , ffitJtlO€J±W#ffl P M O 

S hyy'JX? 1 a" co^ix-e'iito^-Nte^s^is 

l/^/l/y7 ? 2 . 2 a OATJSTOi. MWI#C 3 # 
. lit, A?lffllJ^mJ±W#ffl PMOS17 
yy'x^l" . fej:V'ai7J(I^mJB3]#fflPMOSh7 
y i?A 9 1 a " ( *tl?ti(D¥- h fgttW 3 ) :'r,&m 

mthit. m 5 ^mmmmx^Ltz^m^nmim^ 

PMOSh7^ 1 a' (^-MB(±W2 2) i 0 
i>A§<LTl^ ^-M1W3>W2 
2) . 

[0074] Sf SfOHJtJBfflitti^'Cti, «J±TOB#fc 

vmm PMosh^yyx^i <Dmmmmmts ( y- n 

tiw 2 1 ) * JB*ffl<0«EE«»ffl PMOSh^y^'X^ 

l a • c7)»i»f^ ( hSW2 2 ) i 0 < 

Lt (W2KW2 2) *\ EfJ^jUffiVOUT^^L 

eev out tomji y Kfoimr-r h ^mntf h h . % z. 

X\ msmj]?>'bi$^?J]W<nmB® 

flPMo s h^yyx^ r tMjut, igtDt^^A 

|UPMOSP7>yX^l" . la" ^tSM^I>^fc 

T\ m^«:J;l>ai^€J±vouT^T&@)®t- 

[ 0 0 7 5 ] 07 ( b ) (i. 07(a) <7)M&m®$% 

tztmi9E8dm?h&. 07 (b) tijvvc, *a 
«jg^<7)tiJ7jmffivouT^vp p 2 y^t;^§-^ 
sigt. ^-r. vpp2M*^siii>Amitomj±w§ 

fflPMOSh^yyx^i' , a i v'tti^fM^mJI^ 
fflPMOS b^yyx^i a' ^^y§-^T (MOTI^- 

JVPP2 y^t;Sfl$^r-& . *<7>SL $'Jfflfi^-c 3 
*ffittfl:LT, «j±-w§fflPMosb7yy'x^i" , 
l a" ^^-ywc^i> 0 

[0076] zmzx-ox. %mmtmz.txi>. mm 
m^c 3 nz «£ o attiL s fut«E^ffl p m o s b 7 y 

y^l" , la" ii^fBfjI^'A^/^ 
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[0077] iii_t. ^mummizxtnf , nssmnm 

t, iKflltfilJSS ftfc A7JfflO€J±«#ffl PMOSh7 

y ^'x 7 i ■ t aj jjw?KB mmm p m o s h 7 y 7"x 

71a' f:tf0^tf04i^y-b'NMtfc{t-&»EEVMf>S 

«Iff«fflPMOSb7yyX?la' fcBtt&fflK 

k#'T"§, 7v^7vT$:ffi±LX, 7 A-Y 7tDfIffitt 
ZVm-r& c\ k !> o * *l k IPIfif t , 

[0078] {micommm) msit, *mKom7 
^mmwmmim&mm^m^^my^ -y 

? 07' & S . , PMOSF7 

7777 l , a kU^Mzn^LtzV^Visy 9 ( L 

s) 2twmmm^tix\^. 

[0 0 7 9] 08fcfc7T, 1 7(±mj±©§fflPMOS 

by> : Jx?i <7)mm&%>mi% (vswgen) , 
i s immmwMi±n!±m£m§ (vppgenl 

VPPGEN2, VPPGENn) Xfoh* SUM 

1 7 &£VftmBm&mim 1 8 « . # 

Krf^E- H t*fjE L^fl-f-M O D E 1 — M O D E n £ i 

-KtjEtT^m^i»K^^*ti.mEvpp 

1 -V P P n t^fig-tS . -73 , £titt£E?&£IIIIfr 1 7 

[0080] £8itfffi$££l3»& HCi-jt, 

77 l wa^fcWJirSfUfctf), ftftffl&ftPMO S h 
77777 ioy-7fci;V7'WyomE}J:S^ £ 

ffflPMosh7yyx?i«iity-^, 
M£k Fv^f yiatJiiE^M r^EpflnSfts k a* 
v \ #«JEEflJ#mfift t i»pmos 

h 5 > 7'x 7 1 is J: V 1 fflo K;i/7 7 7 2 "TiEWg 

[ o o s i ] m:. *mmmz£tti£. vmrnm^ 

5 £ k . M7 #BS-r5 l^A-77 7 i> 1 ST- 

s*#>, m&mmmmmmm^Mmx 

[0082] 

[0083] ( 1 ) sissiiiB^L-cmra^fflPM 
o s !- 7 77x7^7- hmJ±7^o3[#fe#iMf-£ 

ff-5"t , mj±fl]#ffl P M O S h 7 7 7'X ? ^^7«ffit 



§ ,1 k *fBTIgt5r 0 , =r> U x«fI#Stt£»7l> £ k 
[0084] ( 2 ) SlfFE- F t i £>"f«JEETOffl££ 
£ k . €J±«#7-777^fSff ^ 

[0085] ( 3 ) ^•m.it^mfrtomxtmmmft 
mx-fo o , ^7?M-7-«m«*mj±w#&Kih-ri> 

£ k j&ntjfgfcS: 0 . t'U x<r)mm&%mkt& - k ^' 

[0086] ( 4 ) mj±«#^^t. itM^SfiScStl^ 
A^fflc0€J±W§ffl PMOSh57777k ffi^fltom 
BMPMOS h 7 77\X7 k tors^^rHV- h'fcfc 

nhmmwMmmm-th z. t x\ mmi^m&m 

«k V-7r B 1»N7 T7^Epjii§iiSOS:K±t. 7 
•y 77 -y 7° 2: R&jh L7 . 7^7 7t0flffltt&»-f|, £ 
k#T-#& 0 

[0087] ( 5 ) mj±«#iJ#^ffl I ^ !> 7V S7 7 £ P 
M O S h 7 7 ^'7 7 1 STffifiSct- 5 £ k j&nsrtrca o , 

ib]^. imt&wvi'yfii* imzmmmxhh 

fcft, «EE^@j»«llIjBHi«*»'hWr* 1 9, 
7^ < -t 4 ; k S . 

[HH<7)ffim^lM] 

[Hi] i wmBejBtffi s m&mm% 

<0WJ^i«7'n7^H ( a) , 
B7<0rtaMftS*^#«t*Lfc, 01 (a) «D«jEK0 
#EK^HI«f0 ( b ) 

[02] Wtmm 1 tOMt^FJt^ £ €J±flJ@@^ 
«^ffl^J^*t-@J?^7n-y^0 (a) , fcit^'Sm 
^W7^rti51ffi!c^fifW(^L7^ 02 (a) 
E^#@£#^@J?^0 ( b ) 

[03] *ifeBj^!fi 2 vmmmzfa h mmrnm^ 
1 04 ] 3 commmmm s mj±«@@jf^ 

coffiJfim^ES&T'nv^ia ( a) , fcj:t>"04 
( a ) «HJ±fl« 1 3c?)^«&^t-0S§0 

(b) 

[05] ^Hjtom 4 vmmffiMm s mj±«@@^ 
<7)«fij^^-rnis&0 

[06] *^0J3^^ 5 ?mm&mm s €J±«#0S§ 

WffijSW^SH-Hffiia ( a ) . £i;t/06 ( a ) ^€J± 
flJ#EIStfc{t5«ffi^ia ( b ) 

[07] >i^iyi^(>^)7^ :-s - > -uii4imi« 

WfiftSW^^HKia ( a ) . tiitfH7 ( a ) ^€J± 
fU#0g|t;fc(t| ) €J±^0 ( b ) 

[08] *wmm 7 ommwmz\% h mmwwm% 
[09] mMcom&mm^comm^i-mm 
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[010] mmw±$m®$fco$g&ffiim*ni-t® 

[011] m9i5£Tf-FlOW<Jl'i'79(LS) 

[0i2] 010 (ovsmmmtzismnEfflm 

1, la. 1 ' , la' , 1" , la" miKU#fflP 

mos hyy'Jx? 

2, 2a, 2b, 2c, 2d (LS) 

[01] 



(a) 




5 Wi'7j'ffl(0'f>'A'-? 

6 MWPMOS15yyX^ 

7 £tftHlft 

8 ^-W^? 

9. 10. 11. 10b. 10c. lOd. 1 lb. 1 
lc. lid. 1 6Sm?«#ffl^NMOS h?> : JX 

9 

12 itay-h (2A^NAND@g#) 

17 SKmE^HISS 

18 rtat#£MEEH£0ft 



[02] 
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(14) 12003- 
[07] 



1 57 5 3 (P2 0 0 3- 1 5 7 53A) 



(a) 




VPPlfllON VPP2fej0N 



7oy h^-i?co%i% 

F 9 - A (## ) 5B025 AD09 AE08 

5H420 BB12 CC02 DD02 EA14 EA23 

EA24 EA39 EA42 EA47 EB01 

EB15 EB18 EB37 NA16 NA17 

NA32 NA38 NB02 NB12 NB25 
NE26 NE28 

5J055 AX25 AX47 AX59 BX03 CX23 

DX14 DX22 DX61 DX72 EY03 

EY10 EY21 EZ03 EZ20 EZ25 
GX01 GX04 



